Introduction: Dendritic cells (DCs) have been recently employed as carriers for vaccines against several viral infections. The present study was designed to develop a prophylactic vaccine against hepatitis C virus (HCV) using DCs treated with Berberis vulgaris root extract (BRE), as a preclinical study. Methods: BRE was prepared and injected to female BALB/c mice for DCs expansion. The expanded splenocyte cells (EDC) were purified and efficiently loaded ex vivo with HCV-nonstructural protein 3, NS3, (EDC-NS3). Mice were subcutaneously inoculated with EDC-NS3 vaccine candidate thrice with 4-week-intervals and IL-12, IFN-γ, IL-4, IL-10, MHC class II, CD3, CD16, indoleamine 2, 3 dioxygenase (IDO) and total protein levels were measured, post-vaccination by PCR and flow cytometry. Moreover, cytotoxic T lymphocyte and humoral immune responses were examined. Results: Our data revealed that immunization with EDC-NS3 vaccine elevated IL-12, IFN-γ and IL-4 expressions as well as MHC II and CD16 at protein levels. It also elicited strong HCV-NS3-specific humoral and cellular immune responses. However, the expressions of CD3, IDO, and IL-10 were down-regulated, post-vaccination. Conclusion: EDC-NS3 immunization serves as an innovative modality for immunoprophylaxis against HCV infection.
INTRODUCTION

Hepatitis C virus (HCV) derives from Hepacivirus genus in
Flaviviridae family. It is a severe health problem which infects 130-170 million people, globally. It is the main reason for liver damage and diseases. HCV open-reading-frame encodes 3 structural proteins and 5 nonstructural (NS) proteins; among them, the most conserved one is NS3. Nowadays, effective treatments for HCV are the direct acting drugs which give high cure rates with few side effects; however, there is no available vaccine to prevent the infection [1] . Several trials for HCV vaccine have been developed, including the use of dendritic cells (DCs) as an adjuvant. DCs are expert antigen-presenting cells (APCs) which are critical for inducing a primary antiviral T cell response [2] . Optimizing the DC's function by facilitating their functional effects upon transfer into the host is essential. This can occur through expanding the DC numbers, before the administration of an antigen-based vaccine. DCs can be expanded by DCpoietins such as plasmid fms-like tyrosine kinase 3 ligand or granulocyte-macrophage-colony-stimulating factor [3] . In the antibody were from R&D systems (UK). Goat anti-mouse γ-chain specific peroxidase antibody was from KPL (USA). Anti-NS3 antibody, BioPROTER QuikEase protein delivery kit, Folin-Ciocalteau reagent, HCV-NS3 protein (recombinant, expressed in Escherichia coli), Gallic acid (GA), Ursolic acid (UA), Rutin (RU), Berberine (Be), Catechin, Naphthylethylenediamine dihydrochloride, Coomassie brilliant blue G-250, Catalase, and p-Dimethylaminobenzaldehyde were purchased from Sigma-Aldrich (USA). Lactate dehydrogenase assay kit was purchased from Cayman (USA). Mouse interleukin (IL)-12 and interferon (IFN)-γ ELISA kits were supplied from Komabiotech (Korea). Maxime reverse transcriptase (RT) PreMix kit was obtained from Intron Biotechnology (Korea). Polymerase chain reaction (PCR) Master Mix (2X) kit was from Fermentas (Germany). Primers of IL-4, IL-10, IL-12, IFN-γ and glyceraldehyde-3-phosphate dehydrogenase (GAPDH) were purchased from Bioneer Co. (Korea).
Alanine aminotransferase (ALT), aspartate aminotransferase (AST), total protein and albumin kits were bought from RAM (Egypt). Fetal bovine serum (FBS), 4-(2-hydroxyethyl)-1-piperazineethanesulfonic acid (HEPES buffer) and Roswell Park Memorial Institute medium (RPMI)-1640 were from Lonza (Switzerland). Other chemicals were analytical grade.
Animals and cell line
Fifty-four inbred female BALB/c mice (18-20 g weight, 6-8 weeks old) were purchased from Theodor Bilharz Research Institute (Egypt). Mice were divided randomly into a group of 24 mice for DCs generation and a group of 30 mice for immunization with the prepared vaccine candidate. Animals were given tap water and a standard commercial diet. The mice were subjected to conventional conditions of temperature, humidity and 12 h light/dark cycles. All mice were adapted to the laboratory surroundings for 1 week before handling and were observed daily for abnormal signs. EL4 murine lymphoblast cell line (Genethor GmbH, Germany), were cultured in RPMI-1640 basal medium supplemented with 10% heat-inactivated FBS, 4 mM L-glutamine and 1% penicillin/ streptomycin. The culture was incubated at 37°C in a humidified 5% CO2 incubator. Plant extraction Dried B. vulgaris roots were brought from Iran. The roots were ground using a mixer to obtain B. vulgaris powder. Fifty grams of the dried powdered roots were defatted using petroleum ether, packed in a Soxhlet apparatus and extracted in 70% ethanol for 8 h. The ethanolic extract was lyophilized to obtain a powdered extract (BRE yielded 25% of root powder) then stored at -20ºC until use [5] . Phytochemical analyses for BRE Total phenolic, flavonoid, triterpenoid and alkaloid contents of BRE were quantified. Phenolics were determined as GA equivalents in mg/g BRE according to Taga method [6] , using GA as standard and the absorbance of the obtained blue color solution was recorded at 750 nm. Flavonoid content was determined colorimetrically as RU equivalents in mg/g of BRE using 5% sodium nitrite and 10% aluminum chloride solutions to produce a colored product quantified at 510 nm [7] . Alkaloids were determined using bromocresol green dye (BCG) which formed a complex yellow colored product that was read at 470 nm [8] . The concentration of alkaloid content in BRE was expressed as BE equivalents in mg/g of the dry extract, using standard BE calibration curve. The content of triterpenoids in BRE as UA equivalents in mg/g BRE was determined using the color reaction of triterpenoids with vanillin and the absorbance was measured at 520 nm [9] . HPLC analysis for phenolics Twenty microliters of BRE were separated on Eclipse XDB-C18 column (150 mm × 4.6 mm, 5 μm; Agilent Technologies, Germany) at pH 2.5, 320 nm and flow rate of 0.75 mL/min. The mobile phase was a mixture of 1% formic acid: 2-propanol: acetonitrile (70:8:22) [10, 11] .
Vaccine preparation
For the preparation of the vaccine, the splenic CD11c+ DCs were generated and expanded by BRE in BALB/c mice then were purified and loaded with HCV-NS3 protein ex vivo. The generation of DCs was carried out using BRE, as described previously [5] . Mice were divided into two groups (containing 12 mice each) of control untreated and BRE. Mice in BRE group were injected with 60 mg/kg b.w. intravenously every other day for 15 days (8 times). On day 16 from the 1st injection, all mice were sacrificed via cervical dislocation under aseptic condition and spleens were rapidly dissected and used for preparation of single-cell suspensions of the splenocytes. Preparation of single-cell splenocyte suspension and CD11c+ DCs purification The spleens of mice used for each dose were dissociated in 5 ml of RPMI-1640 medium containing 20% FBS (culture medium) using a 70-µm metal mesh [12] . The cell suspensions were centrifuged at 2000 rpm for 5 min at 25ºC and the RBC in the pellet were lysed then suspended in RPMI-1640 culture medium (1 ml). Cells were counted via trypan blue stain and then were directly used in CD11c+ DCs purification. CD11c+ DCs were purified using MACS-anti-mouse CD11c-conjugated MicroBeads kit. According to the manufacturer's guidelines, the method was divided into two steps:
Step 1: magnetic labeling of CD11c+ cells with CD11c MicroBeads.
Step 2: magnetic separation of CD11c+ cells. The CD11c+ DCs purified from the BRE-untreated mice were named control DCs (CDC) and those expanded with BRE were named expanded DCs (EDC). 
Cell loading with HCV-NS3 protein
Two types of cells, EL4 (for cytotoxicity assay) and CD11c+ DCs (CDC and EDC) were loaded with HCV-NS3. EL4 cells were loaded with 10 µg of HCV-NS3 protein by a BioPORTER QuikEase protein delivery kit following the manufacturer's protocol to produce NS3-loaded EL4 (EL4-NS3). However, CD11c+ DCs (EDC and CDC) were loaded with 0.1 µg of the viral protein for 24 h, producing NS3-loaded CD11c+ DCs (EDC-NS3 {vaccine} and CDC-NS3).
Estimation of HCV-NS3 protein concentration
The concentration of HCV-NS3 protein after loading was determined in both culture supernatant and cells by an indirect ELISA technique [13] using anti-NS3 antibody and peroxidaseconjugated goat anti-mouse IgG. The control samples that contained no cells (total amount of HCV-NS3) were involved. The concentration of HCV-NS3 protein was expressed as a percentage of the control.
Immunization of mice
According to the World Health Organization (WHO) general aspects of vaccination, primary immunization programs should include at least two doses of the vaccine and continual at a time interval of 3-4 weeks. This program leads to the generation of consecutive influences of the immune response. Therefore, 30 female BALB/c mice were divided into 3 groups (Fig. 1B) , 10 mice each. Mice were subcutaneously inoculated with 0.5 ml of only culture medium (RPMI-1640 containing 20% FBS, MC group) or culture medium containing EDC-NS3 (EDC-NS3 group) or CDC-NS3 (CDC-NS3 group). The inoculation was 3 times at 4 weeks intervals and the 1st inoculation was 100,000 cells/mouse while the 2nd and the 3rd inoculations were 50,000 cells/mouse. This immunization scheme was performed according to Ghareeb et al. 2016 [5] with modifications. At the 7 th day following the last inoculation, the mice were sacrificed via cervical dislocation then blood and spleens were directly separated under aseptic environments. Blood samples were gained by cardiac puncture method then sera were separated and stored at -20°C until use. While the erythrocyte-depleted splenocyte suspensions were prepared from the spleens as described previously and utilized in the following assays.
Evaluation of the anti-HCV efficiency of the prepared vaccine
The CTL assay The CTL assay was performed by lactate dehydrogenase (LDH) release cytotoxicity method [14] . In this assay, lysis of target cells (EL4-NS3) by effector cells (CTL from immunized and control mice splenocytes) was monitored. In brief, U-bottom 96-well microtiter plates received 0.1x10 6 cells /well of total cells (the effector and the target) or only the target cells or only the effector cells or the target cells with 50 µl Triton X-100. The optimum target: effector co-culture ratio as demonstrated before was 1: 1.65 [5] . Cells were incubated in a CO2 incubator (New Brunswick Scientific Co., England) for 4 h then centrifuged for 10 min at 2000 rpm. The supernatants were used for determination of LDH leakage using LDH assay kit as directed by the manufacturer's manual. The percentage of cytotoxicity was calculated using the following equation:
Where, the experimental release is the LDH release from the co-culture cells (the effector and the target); Spontaneous release is the sum of the LDH release from the target cells alone and the effector cells alone. While the maximal release is the total LDH of the target cells (the target cell with Triton X-100).
Flow cytometric analysis for thee immune cells markers
The protein levels of CD3, MHCII, and CD16 were examined by flow cytometry. For sample preparation, 0.1x10 6 cells were centrifuged at 1700 rpm. The pellets were washed 3 times and resuspended in PBS (25 µl), containing BSA (0.5%; for CD3 and CD16) or in MACS buffer (for MHCII). Following the manufacturer's instructions, 10 µl of PE-labeled anti-mouse CD3, APC-labeled anti-mouse Fcγ RIII/CD16 or FITC-labeled anti-mouse MHCII antibodies were incubated with 25 µl of the sample at 4ºC. The excess antibody was removed by washing then cells were analyzed on a Becton Dickinson flow cytometer.
Assessment of the humoral immune response
The levels of the anti-HCV-NS3 antibody in the serum of each immunized mouse were quantified by indirect ELISA using recombinant HCV-NS3 (50 µl /well in 50 mM NaHCO3/ Na2CO3, pH 9.6) to coat a microtiter plate [15] . Quantification of cytokine production The IL-12, IFN-γ, IL-4 and IL-10 gene expression The cytokine expression was investigated by PCR. Total RNA was extracted from 1x106 splenocytes using an acid guanidinium thiocyanate-phenol-chloroform mixture [16] . One microgram of each RNA sample was used to prepare the cDNA using Maxime RT PreMix kit following the manual protocol. Then the PCR was carried out by Master Mix (2x) kit using IL-12 forward (5´ATGTGTCAATCACGCTACCTC3´), reverse (5´TCAGGCGGAGCTCAGATAG3´);
forward (5´GGAGATTGTTGCCATCAACG3´), reverse (5´CACAATGCCAAGTTGTCATGG3´) primers. After thermocycling, the PCR product of each sample was electrophoresed using 1.5% agarose gel. The gene expression was evaluated by myImageAnalysis software v.1 (Thermo Fisher Scientific Inc.) using the expression ratio of (target gene/GAPDH).
IFN-γ and IL12 protein levels
The protein levels of IFN-γ and IL-12 were determined in 1x106 splenocytes by sandwich ELISA kits using corresponding specific capture and detection antibodies, following the manufacturer's protocol. Indoleamine 2, 3-dioxygenase (IDO) activity assay IDO activity was determined in splenocytes through determination of kynurenine level [17] . Briefly, 100 µl of splenocyte suspension was mixed with the same volume of the reaction buffer (100 mM sodium phosphate buffer, pH 6.5, 20 µM methylene blue, 40 mM ascorbate, 800 µM L-Trp, and 200 µg/ml catalase). The mixture was incubated at 37°C for 30 min to start the IDO reaction. Then, the reaction was inhibited using 40 µl of trichloroacetic acid, incubated for 30 min at 50°C and centrifuged for 10 min at 10,000 rpm. The supernatants were mixed with the same volume of the Ehrlich solution (0.4% pdimethylaminobenzaldehyde in acetic acid) in a 96-well microtiter plate. Lastly, the absorbance of the resulted color was measured at 490 nm. One unit of the enzyme activity refers to the amount of enzyme needed to give 1 nmol of kynurenine product per 1 h. The specific activity of IDO was calculated as µmol/min/mg protein. Protein content in 20 µl of the splenocyte suspension was estimated using Bradford Coomassie brilliant Blue method [18] and the absorbance of the resulted color was read at 630 nm. The protein concentration was calculated from the standard curve of BSA.
Statistical analyses
The data are given as mean values  standard error (SE). Comparisons between the studied groups were analyzed through their mean values by the least significant difference (LSD) test. The significant differences were considered at P < 0.05. The statistical analysis was conducted by SPSS statistical software, version 16 (SPSS Inc. USA).
RESULTS
Phytochemical composition
Quantitative determination of the phytochemical constituents of BRE showed the presence of different amounts of phenolics, flavonoids, alkaloids and triterpenoids (Table 1) . HPLC analysis showed that the predominant phenolic constituents in the BRE were GA, chlorogenic acid, caffeic acid, catechin, RU and tannic acid (Fig. 1, Table 1 ). Table 2 show that the CD11c+ DC loading efficiency was approximately 99%, while it was approximately 90% for EL4 cell line.
Loading of CD11c+DCs and EL4 with HCV-NS3 protein Results in
Immunological profiling of the splenocytes suspension in response to DCs immunization CTL response
The results in Fig. 2A elucidated that the level of CTL activity against EL4-NS3 cell line was elevated significantly by 82.56% in mice splenocytes immunized with the prepared vaccine. This level was also elevated in the same group; however not significantly, by 5.42% against EL4 cell line as compared to the MC group. Similarly, mice in NS3-loaded control dendritic cell (CDC-NS3) group showed a significant increase in CTL activity against EL4 and EL4-NS3 cell lines by 15.01% and 25.15%, respectively.
IDO activity and total protein level
The results in Fig. 2B demonstrate non-significant changes in the splenic total protein levels after EDC-NS3 and CDC-NS3 immunizations. Whilst, IDO specific activity decreased significantly by 45.85% after EDC-NS3 immunization but CDC-NS3 immunization caused a non-significant decrease (3.14%) in its activity.
Immunophenotypic properties
The basic immunophenotyping panel for APC (MHCII), T cells (CD3) and natural killer cells (CD16) are summarized in Fig. 3 . EDC-NS3 immunization induced significant up-regulation of MHCII (61.72%; Fig. 3A , B) and CD16 (208.16%; Fig. 3E, F) levels as compared to the MC group. In contrast, the CD3 level showed significant down-regulation with 63.92% (Fig. 3C, D) decrement. CDC-NS3 immunization induced significant downregulation in MHCII level (42.24%) and nonsignificant changes in both CD3 (0.63%) and CD16 (0.00%) levels.
In vivo generation of CD11c+DCs by BRE
The flow cytometric analysis for CD11c+ expression (Fig. 3G,  H) indicated that the percentage of expression for the control mice (CDC) was 1.6% ± 0.008. However, this value increased to 17.3% ± 0.013 for the BRE-treated mice.
Humoral immune response
The results in Fig. 4A showed that immunization with the prepared vaccine (EDC-NS3) induced an increase in the anti-NS3 antibody response by 77.14%, compared to MC group. Also, a strong anti-NS3 antibody response (25.71%) was found in mice immunized with CDC-NS3.
Cytokine secretion
The gene expressions of IL-12, IFN-γ, IL-4, and IL-10 by the splenocytes were estimated as shown in Fig. 4B , C. Our data showed that the immunization with EDC-NS3 and CDC-NS3 induced significant increases in the relative expression of IL-12 by 79.93% and 85.27%, respectively, as well as IFN-γ by 25.4% and 74.8%, respectively. In addition, both immunization models up-regulated IL-4 by 26.58% and 9.83%, respectively. In contrast, EDC-NS3 immunization decreased the relative expression of IL-10, significantly by 31.28% while a significant elevation of 65.64% of this cytokine was detected after CDC-NS3 immunization. In addition, our vaccine immunization showed significant depletion in IL-12 (0.14 pg/ml, 41.67%) and significant rise in IFN-γ (63.73 pg/ml, 49.71%) protein levels as compared to MC group. Meanwhile, CDC-NS3 immunization induced elevation in IL-12 (0.25pg/ml, 4.17%) and IFN-γ (45.32 pg/ml, 6.46%) protein levels, although not significantly (P > 0.05). to the significantly differentvalues (P < 0.05). 
DISCUSSION
The present study demonstrate the development of a HCV prophylactic vaccine candidate based on in vivo expanded and ex vivo HCV-NS3 loaded DCs. This vaccine shifts away from the traditional use of the whole inactivated or live attenuated viruses towards approaches based on protein antigens which are more easily characterized and defined. Moreover, it avoids the reduced and down-regulated DC function, as a consequence of HCV infection. This can be achieved by giving the essential maturation stimuli in vivo using BRE. Here we showed that the count of murine splenic CD11c+ DCs increased after BRE administration. This indicated that BRE had an ability to mature and proliferate murine splenic CD11c+ DCs in vivo. This may be related to the effect of its constituents such as berberine, chlorogenic acid, and triterpenoids [19, 20] . Triterpenoid compounds are also able to promote maturation of DCs through enhancing MHCII and production of IL-12 [21] . In this study, CD11c+ DCs were incubated with HCV-NS3 protein ex vivo for vaccine preparation. These cells take up and process the protein antigens due to their abilities for internalization of macromolecules by macropinocytosis and receptor-mediated endocytosis. Exogenous antigens are usually ingested and processed for presentation to CD4+ T helper (Th) cells, in association with MHCII [22] . DCs can also crosspresent endocytosed antigen on MHCI. The simultaneous appearance of antigen on MHC class I and II supports the generation of coordinated immune responses and the licensing of CTL by activated CD4+ T cells [23] . HCV-NS3 protein has been selected for CD11c+ DC loading, as it is one of the most conserved HCV proteases [1] . In addition, this viral antigen has been shown to be immunodominant and essential for the viral clearance [24] . Therefore, the development of a vaccine against HCV-NS3 protein has attracted considerable interests. The present study used this protein in combination with splenic DCs. Using this complex (protein-loaded DC), the immune responses were induced which exceeded the responses achieved by immunization with the protein only. The results of the current study indicated that, immunization of mice with the prepared vaccine (EDC-NS3) and CDC-NS3 induced overexpression of IL-12 and IFN-γ which may be caused by the activation of these immunized cells [25] . Thus, the two immunization models activated Th1 response against HCV-NS3 protein [26] . Moreover, IL-12 protein level decreased significantly post-vaccination. Whilst, the protein levels of both IL-12 and IFN-γ did not increase significantly after CDC-NS3 immunization. This could be linked to the low half-life time of these cytokines [27] . The overexpression of IL-4 after immunization with the prepared vaccine and CDC-NS3 indicates the activation of Th2 response [28] . Therefore, both immunization models triggered Th1/Th2 differentiation and this could potentially play an important role in the outcome of HCV infection. Moreover, IDO specific activity decreased significantly after EDC-NS3 immunization that may be related to the overexpression of IL-4 [29] . The specific activity of this enzyme decreased after CDC-NS3 immunization; however, not significantly. This is possibly due to the overexpression of IL-10 in the animals which were administered with these cells [30] . The inhibition of IDO enhances T cell-activating ability of DCs [31] and increases the potency of this vaccine to overcome HCV infection.
We also showed that MHCII protein level was up-regulated significantly post-vaccination but decreased sharply after CDC-NS3 immunization. The upregulation of MHCII may be linked to the overexpression of IL-12, IFN-γ and IL-4, postvaccination. The IFN-γ increases mRNA level of class II transactivator which is an essential factor for the expression of MHCII. Meanwhile, IL-4 can increase MHCII posttranscriptionally through decreasing its endocytosis and degradation; therefore, its stability and half-life are increased [32] . However, the overexpression of IL-10 after CDC-NS3 immunization may be the cause for the MHCII down-regulation [33] . The elevation in MHCII is important in CD4+ T cell responses through binding of T cell receptors (TCRs) to peptide/MHCII complexes expressed by APCs (DCs, macrophages and B cells). The nature and consequences of this response depend on the type of the APC. Hence, DCs prime naïve T cells and start immune responses and macrophages are recruited to the infection sites and activate the previously primed T cells. Whilst, presentation of B cell to T cells enhances the antibody production [34] . However, it appears that down-regulation of MHCII level makes the CDC-NS3 incapable of stimulating additional naïve CD4+ T cells. Furthermore, the CD16 level was significantly elevated as a result of the prepared vaccine immunization but did not change after CDC-NS3 immunization. This will lead to a strong cytolytic capacity of natural killer cells, post-vaccination through activation of the antibody-dependent-cell-mediated cytotoxicity pathway [35] . In contrast, no activation of this pathway after CDC-NS3 immunization was observed. The down-regulation of IL-10 expression post-vaccination may be due to the overexpression of IFN-γ. A previous study has reported that IL-10 overexpression is detected during various persistent viral infections in humans. This is directly linked to the decreased T cell responsiveness and the disability to control the viral replication. Therefore, blockade of IL-10 during the persistent infection and after exhaustion of T cell leads to enhanced clearance of the virus due to the improved T cell functions [36] . Thus, the down-regulation of IL-10 expression post-vaccination boosts the host's immune response and helps to prevent the viral replication. On the other hand, there was a paradoxical overexpression of both IFN-γ and IL-10 after CDC-NS3 immunization. This could have occured during the maximal activation of Th1 in the presence of IL-12 while Th1 overcame the increase of IL-12 by secreting IL-10 [37] . This difference between immunizations with EDC-NS3 and CDC-NS3 could be attributed to the role of BRE in the pre-activation of CD11c+ DC, in vivo. The elevation in CTL activity, as well as the strong humoral immune response post-vaccination and after CDC-NS3 immunization are probably caused by a strong induction of CD4+ T cells and the activation of the immunized CD11c+ DCs. The activated CD11c+ DCs can stimulate B cells which need the second signal from the activated Th2 for antibody production [38] . Notably, the presence of strong CTL and humoral immune responses post-vaccination increase the potency of this vaccine for clearance of HCV infection. Moreover, the activation of CD4+ T cell and CTL responses post-vaccination were confirmed by the down-regulation of CD3. This may be due to the internalization and lysosomal degradation process that occurred to TCR/CD3 complex on the surface of these cells after their activation [39] . Conversely, the CD3 protein level was up-regulated after CDC-NS3 immunization although not significantly which may be related to the overexpression of IL-10 that prevents this internalization process [40] . Interestingly, the prepared vaccine candidate may give effective immunoprophylaxis for different genotypes of HCV. This is owed to the inclusion of multiple epitopes from HCV-NS3 antigen in this vaccine which is conserved in all HCV genotypes. As a result, it is expected to be capable of eliciting broad-based cellular and humoral immune reactions which remains to be investigated. In conclusion, BRE could effectively induce expansion of CD11c+ DCs in vivo and the immunization with these expanded cells after their loading with HCV-NS3, elicited strong cellular and humoral immune responses. We envisage such immune responses will achieve specific immune protection against HCV infection.
